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Summary DesignParameters
Flushingsystemsthatcollectandtransport Daily waterrequirementsfor flushingvary
manureareutilizedin dairyoperations.The dependingonthewidth,length,andslopeof the
sanitationattainableandreducedlaborrequire- areatobeflushed.Computersimulationsshow
mentscanmakeflushinga desirableoption. thatslopeof thebuildingandflushwaterveloc-
Designedflushsystemsutilizea flushdeviceto ity havethegreatestimpacton cleaningeffi-
releasethecorrectvolumeofwaterattheappro- ciency.Buildingswithalleyssloping2 to4%
priate dischargerateandlengthof time. This will usesignificantlylesswaterper day for
achievesthe designedflow velocity,contact flushingascomparedtoalleysata1%slope(Ta-
time,and depthof waterin theguttertoobtain bles1,2,3). At anoptimalslopeof3%,amini-
adequatecleaning. mumflushvolumeis 100galperft of gutter
(Key Words: Flushing,Manure,Separator, Longerlengthsrequiremorewater,witha sug-
Lagoon.) gestedmaximumreleaseof 175galperft. A
Introduction mentsrangingfrom240to620galpercowper
Flushingdairymanureis analternativeto thelargerof twovolumes-either52galpercow
bladescrapingof freestallsor holdingpens.It perflushor1.35galpersqftofalleyperflush.
offerstheadvantagesof laborreductionwith Normally,recycledwaterfromthelagoonis
automatedsystems,limitedscrapingrequire- usedfor flushingthefreestalls,andfreshwater
ments,loweroperatingcost,drierfloors,poten- is usedforflushingthemilkparlorandholding
tial reductionin odor and cleanerfacilities. pen.
However,an optionalmethodof handlingthe
manure is necessaryin colderweather,and The cleaningefficiencyof a flushsystem
scrapingmayberequired.Otherdisadvantages dependsontheenergyof flushwatertoremove
includethewaterequirementspercowandthe themanureawayfromthealleysorpens.Most
initialfixedcost.A flushsystemconsistofthree dataavailablearefromobservationof installed
areas:ahighvolumeflushmechanism,achannel systemsratherthanoptimizedesignthrough
fordirectionalcontroloftheflushwater,andthe computersimulations.Presentdesignproce-
collectionof flushwaterfor separationof the duresuggestthattheflushingwaveneedstobe
liquidandsolid.Flushingdoesnoteliminatethe 150ft in lengthand3 in deepandmovingata
needtoapplythemanureandeffluentolandin velocityof 5 fps.Buildingslongerthan450ft
amountsbasedoncroputilization. requiretheflushwavetobeatleast1/3of the
widthfor flushinglengthsof lessthan150ft.
studyof six dairiesfoundflushwaterrequire-
day.Another designproceduresuggestsselecting
totalength.If thelengthis lessthan150ft,
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thenthedesignproceduresarebasedona10sec ratherthan"enmasse"aswiththestoragestruc-
contactime. Theamountof timeflushwater turesystem.
movespasta givenselectionof thealleyis
knownascontactime. Observationi dicates The channelfor controllingthe flushing
thata contactimeof atleast10secimproves wateris normallythefreestallalleyor holding
cleaningefficiency.Minimumdesignvaluesare pen.Flushingdairyfacilitiesis differenthan
a flushvelocityof3 fpsandacontacttimeof5 flushingswinefacilities.Flushingchannelsin
sec. swinebuildingsrangein widthfrom8 to12ft
SystemComponents on center. Thesesecondarychannelsprovide
Selectionof howflushwateris releasedat thelengthof thebuilding.Swinefacilitiescan
theupperendiscritical.Thetwobasicmethods beflushedyearround,becausethebuildingsare
for flushingusestoragestructuresandpumps. warmer.Channelsfordairyfacilitiesrangefrom
Storagestructureshavetheflushwaterstoredin 8 ft to14ft inafreestallandupto40ftwidein
atankortowerattheupperendoftheareabeing a holdingpen. Secondarychanneldividersare
flushed.A lowhppumpisusedtotransferwater not usedbecauseof vehicleandanimaltraffic.
fromthelagoonto thestoragetank. Flushing Theflushis dependentontheuniformityof the
tankshavelargerdischargeopeningsand a floor surface.Thealleymayneedscrapingin
typicaldepthof 8 to12ft. Towersdischarge coldweather.Somescrapingormanualcleaning
through12- to 24-indiameterpipeandhave alongthefreestallcurbalsomaybe needed,
depthsof 20ft or more.Typesof flush-water becausemuchof themanureis depositedthere.
storagestructuresincludesiphontanksand Sometry toavoidthiscleaningbyplacingapipe
gravityflowtanksortowers.Thesetanksmay alongthetopof thecurbtopreventthemanure
beeitherroundorsquare,andtowersgenerally frombeingdepositedagainsti . Othersplacea
areround. Flushingpumpsutilizethelagoonfor 3/4to1incrowninthealleytodirectmoreflush
storingtheflushwater.A largehppumpthen wateralongthecurbs,if freestallsarealongboth
pumpsthewatertotheupperendwhenflushing sides. Thecrownwill interferewithscraping
isdesired. and,generally,theuseof levelalleysor pens
Tables1, 2, and3 providesummariesof heightis suggestedtopreventflushwaterfrom
volumeof wateranddischarge(release)rate enteringthefreestall.Holdingpensandmilk
requiredto meettherecommendeddesignre- parlorsmayrequiremultiplereleasevalvesor
quirementsfor buildingswithdifferentslopes, morefrequentflushingtoobtainadequateclean-
lengths,andalleywidthsof 10,12,and14ft, ing.
respectively.Thetimea valveis openis deter-
minedbydividingthevolumeof waterequired Wateris releasedintothechannelsusing
by thereleaserate.Withstorageunits,there- several differentmethods.Themostcommon
lease ratevariesfroma minimumof 10secto method is useof 12-in-diameter"pop-up"or
morethan60secforlongerbuildings.Release recesedvalves,whichopenmanuallyor auto-
ratescanvaryfrom1,000gpmtoover15,00 matically.Thevalvesreleasethewaterat the
gpmif properlydesigned.Flush-waterpumping centerof thealley.Theupper10to20ftof the
systemsoftenarelimitedbythepumpcapacity, channelmaynotcleanaswellastheremainder
andthe waterreleaserateis 60secor longer. of thechannel.Automatedvalvesarepneumati-
Most of thepumpingsystemsarelimitedto a cally operatedandrequirea sourceof com-
releaserateof lessthan2,000gpm. Higher pressedair. Dischargeratefroma valveis
releasevolumesrequirelargerhp pumpsand influencedbythehydraulicharacteristicsofthe
transferpipes.Flushstoragestructuresuseless pipelinefeedingthevalve. Commondesign
wateranddependuponthevelocitytomovethe proceduresusemultipletankstofeedthevalve
material thelengthof thegutter.Flushpumps fromtwosidesandincreasethedischargerate.
usehighervolumesof wateratlowervelocities. Othereleasemethodsincludeahingedplate,an
The materialis movedin smallerquantities openpipe,andagatedpipe.Thehingedplateis
withsecondarychanneldividerslocated3to4ft
directionalcontroloftheflushwaterasitmoves
acrosthewidthis recommended.A 10incurb
12 to 18 in wideandlocatedovera flushing
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trough.Waterisreleasedintothetrough,andthe dryingareapriortotransportingtoafield.Table
waterpressureraisesthehingedplatewiththe 4 showstheweightof manurethathasto be
flushwaterbeingdistributeduniformlyacros hauledtoa fieldatdifferentmoisturecontents
thechannel.Thehingedplateworkswellwith andherdsize. Weassumedthatthecowspro-
siphontanksor otherhighdischargemethods duce120 lb of manureperdayat an initial
andwithwiderchannelssuchastheholdingpen. moisturecontentof87.3%.Thesolidsportionof
Anopenpipemaybeasectionofpipeextending themanurewill haveamoisturecontentof60to
outof a tankor anentranceramp.Normally, 80%uponexitinga mechanicalseparator.The
theseareoperatedmanuallyusinga butterfly moisturecontentof materialexitinga gravity
value. Theflushwateris directedtowardthe settlingstructurecanbeabove90%,withthe
alley,anddistributionofthefullwidthispoorat moisturereductiononthedryslabbeingdepend-
theupperend.Thistypeofsystemmayrequire entontheweather.
asteepentranceramp,whichhindersanimaland
vehicletraffic.The gatedpipedevelopedin Dairiesusingsand-beddedfreestallsneedto
Missourihasadiameterof12to14inandnoz- havea sandtraplocatedabovethemechanical
zles or gatesprojectingfrom it to provide separator.Theabrasiveactionofthesandonthe
directionalcontrolof the flush waterbeing pumpsandscreensin mechanicalseparators
released. Thepipeis recessedintothefloorso decreasestheequipmentlife andincreasesthe
thatprotrusionis limitedto3 to4 in abovethe maintenancecosts.Theseincreasedcostshave
floor.Vehicleandanimaltrafficcaneasilycross resultedin manydairiesusinggravitysettling
thegatedpipedesign. basinswithsand-beddedmanure.However,the
Theflushwateriscollectedatthelowerend separatorhasto becomparedto theincreased
ofthebuildinginagutteranddirectedtowardsa cost of transportinghighervolumesof material
mechanicalseparatoror gravitysettlingbasin. tothefields.Designparametersforthesandtrap
Theflushedmaterialis separatedto allowthe havenotbeendetermined.Somedatasuggest
solids toaccumulateinastructureorbasinand that flushwaterhastobeslowedfrom5 fpsto
theliquid todraintoa lagoon.Generally,the 1.5fps toallowthesandtosettleoutandthe
freestallbuildingsare flushedwith recycled effluentandmanureto be transferredto the
waterfromthelagoon,andtheholdingpensand mechanicalorgravityseparators.
milkingparlorareflushedwithfreshwater.The
mechanicalseparatormaybe a screen,pres Conclusions
roller,or screwpress.A screenallowstheliquid
topassthroughit, butthesolidsremainonthe Flushingcanbeaviablealternativetoscrap-
surfaceandaretransferredto a storagearea. ingof dairymanure.Existingfacilitiescanbe
Witha pressroller,theflushedmaterialpasses constructedfortheadditionof flushingsystems
througha pairof rollersandthewaterdrains ata laterdate,evenif scrapingisplannedforin
away. Thepressingactionis designedtopro- theimmediatefuture.Thisrequiresplacingthe
ducea driermaterial.The thirdmechanical buildingsata 2 to3 percentslope.A 6 to8 ft
separatoris thescrewpress,whichusesmore differenceinelevationbetweenthelowerendof
pressuretoseparateliquidsandsolids.Gravity theflushedareasandthelagoonfreeboardwill
typesystemsuseasettlingbasintosettleoutthe benecessaryfor inclusionof separationequip-
solidsanddrainoff theliquids.Thesolidsare mentandtransfercollectiongutters.Inclusionof
generallymovedtoa flushingsystemsin existingbuildingshastobe
increasedoperatingcost of the mechanical
determinedonanindividualbasis.An adequate
watersupplyfor freshwaterflushingof the
milking parlorandholdingpenalsomustbe
available.
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Table1. VolumeofFlushWater(gal)RequiredforGutters10ft WideBasedon
GutterLengthandSlope
GutterSlope(%)
GutterLength(ft) .5 1 2 3 4
150ftorless 3,900 2,300 1,300 950 1,100
200 5,250 3,000 1,750 1,250 1,250
300 7,850 4,500 2,600 1,900 1,900
400 10,500 6,000 3,500 2,500 2,500
500 13,100 7,500 4,350 3,100 3,100
600 15,700 9,000 5,200 3,750 3,750
800 20,900 12,000 6,900 5,000 5,000
1000 26,100 15,000 8,650 6,300 6,300
Dischargerate(gpm) 23,500 13,500 7,800 5,600 6,500
Table2. VolumeofFlushWater(gal)RequiredforGutters12ft WideBasedon
GutterLengthandSlope
GutterSlope(%)
GutterLength(ft) .5 1 2 3 4
150ftorless 4,700 2,700 1,550 1,150 1,300
200 6,300 3,600 2,100 1,500 1,500
300 9,400 5,400 3,100 2,250 2,250
400 12,550 7,200 4,150 3,000 3,000
500 15,700 9,000 5,200 3,800 3,800
600 18,800 10,800 6,200 4,500 4,500
800 25,100 14,400 8,300 6,000 6,000
1000 31,340 18,000 10,400 7,500 7,500
Dischargerate(gpm) 28,200 16,200 9,300 6,800 7,700
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Table3. VolumeofFlushWater(gal)RequiredforGutters14ft WideBasedon
GutterLengthandSlope
GutterSlope(%)
GutterLength(ft) .5 1 2 3 4
150ftorless 5,500 3,150 1,850 1,350 1,500
200 7,300 4,200 2,400 1,800 1,800
300 11,000 6,300 3,650 2,650 2,650
400 14,650 8,400 4,900 3,500 3,500
500 18,300 10,500 6,050 4,400 4,400
600 21,950 12,600 7,300 5,300 5,300
800 29,250 16,800 9,700 7,000 7,000
1000 36,600 21,000 12,100 8,750 8,750
Dischargerate(gpm) 32,900 18,900 10,900 7,900 9,000
Table4. TonsofManureProducedperDayBasedonDifferentHerdSizesandthe
MoistureContentoftheSolids*
HerdSize
MoistureContent 100 200 400 800 1600
30 1.1 2.2 4.4 8.7 17.4
40 1.3 2.5 5.1 10.2 20.3
50 1.5 3.0 6.1 12.2 24.4
60 1.9 3.8 7.6 15.2 30.5
70 2.5 5.1 10.2 20.3 40.6
80 3.8 7.6 15.2 30.5 61.0
87.3 6.0 12.0 24.0 48.0 96.0
90 7.6 15.2 30.5 61.0 121.9
*Assume120lbofmanurepercowperdayat87.3%moisture.
